The LSM 5 LIVE is a new design for fast confocal imaging, which acquires images at extremely high frame rates and allows experiments not possible in the past, while maintaining the advantages of conventional scanning systems, such as adjustable confocal apertures and scalable frame formats with pan and zoom. Additionally, the LSM 5 LIVE offers fast and sensitive parallel acquisition with charge-coupled device (CCD) detectors for high quantum efficiency. CCD camera-based multifocal confocal systems are the future Until now one had to compromise on spatial resolution, accept restricted scanning field size or make trade-offs in sensitivity (low signal-tonoise ratio) to obtain microscopic evidence of fast cell processes. The reason is that just speeding up the scanning and reducing the number of pixels or shortening the pixel dwell time linearly reduces resolution and/or sensitivity.
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The only way to overcome this problem is to illuminate multiple locations at the same time and to acquire the image in parallel. The result is the ideal combination of long pixel dwell times and short frame-acquisition time, resulting in fast frame rates and good sensitivity. This, for a long time, was the benefit of the classical confocal spinning disk systems-although this was unfortunately combined with the inability to adjust the confocal aperture opening, the need to illuminate every location multiple times to avoid statistical inhomogenities, and the need to synchronize with the frame CCD readout. Such synchronization reduces the theoretical frame acquisition speed dramatically from, for example, 300 frames per second to typically 50 frames per second, which is not sufficient for certain physiological events, such as spike-rate analysis.
The LSM 5 LIVE offers a unique combination of superior fast scanning rate, outstanding image quality and exceptional sensitivity (Fig. 1) . The trick to achieve this is the use of a line CCD, and the parallel illumination and acquisition mode. The LSM 5 LIVE illuminates 512 pixels along a line in the x direction, and scans this line in the y direction with a scan mirror for up to 2,048 pixels (Fig. 2) . This is a unique combination, as line CCDs permit readout speeds of up to 60,000 lines per second. Hence, a frame of 512 × 512 pixels can be acquired at 120 frames per second, with long pixel dwell times for high sensitivity.
But the combination of a parallel detected line and scanning in y direction allows more: it allows increased frame-acquisition rates without affecting the pixel dwell time just by shortening the picture in one direction. For example, scanning an area of 512 × 50 pixels (still sufficient to analyze several dendrites or axons of a neuron), one can reach 1,010 frames per second with exactly the same sensitivity as the full-frame acquisition. This not only allows one to monitor events at kilohertz resolution, fast enough for spike-rate events, but also permits high resolution and sensitivity. The LSM 5 LIVE system allows one to experience the fundamental mechanisms in living cells and to gain more information than ever before.
Advantages of the LSM 5 LIVE
Ultrahigh-speed observation of living cells in confocal light was the idea when creating the LSM 5 LIVE. But the LSM 5 LIVE will not only shine with its image recording rate-the design offers other improvements over existing approaches.
Increased pixel dwell times mean lower laser power, as photons are collected for longer at every pixel. This allows one to keep cells alive longer and to reduce artifacts caused by light exposure, which can lead to generation of free radicals. Additionally, the design with the linescanning principle allows for adjustable confocal apertures, to finetune the best balance of three-dimensional sectioning, resolution and light efficiency according to the sample transparency and thickness.
Line CCDs offer a high quantum efficiency of more than 75%, even 80% at the most frequently used wavelengths (in the range of 550 nm). This is a dramatic improvement compared to photomultiplier tubes, which have a typical quantum efficiency of 25-30%. Also, the fact that only a single line needs to be directed to the sample for exci- 
Millisecond resolution with full-cell coverage is not a dream
Dynamic analysis of ion concentrations in time and space is crucial for throwing light on mechanisms that modulate neuronal activity. That is exactly what the LSM 5 LIVE allows (Fig. 3) . Living nerve cells communicate at a lightning kilohertz speed by electrochemical transport mechanisms, for instance, at neuronal switches in the brain. These processes coordinate our motions, direct our senses, allow us to learn, determine our creative potential and form our memories. LIVE navigates and analyzes these data streams reliably and effectively to allow the researcher to concentrate on research. For example, one thousand 512 × 512 pixel images collected in 10 s means 250 megabytes of data in 10 s-more than a CD-ROM full of data every half a minute. This is not an unusual amount of data with the LSM 5 LIVE. Thanks to new real-time electronics and real-time computational analysis, the LSM 5 LIVE can efficiently process these huge fourdimensional data quantities (x, y, z and t) with data rates of up to 100 megabytes per second.
The design of the LSM 5 LIVE was inspired and accompanied by scientists, and indeed every detail in the system reflects a need and a solution for new scientific experiments.
Additional information is available on our company website (http://www.zeiss.de/lsm).
